4. An animation showing more than a thousand of models from the space of possible solutions and their predictions compared to observations is also provided as a separate supplementary material.
Text S1. Mw estimation We assume a discretized fault segment with N p patches buried in an homogeneous half-space of shear modulus µ and we define the moment as:
where s i and a i are respectively the slip and area of subfault i. Based on this definition, for both the horizontal displacements based model and for horizontal-vertical displacements based model, we evaluate M 0 for each model in our Bayesian posterior ensemble to obtain the corresponding probability distribution, i.e., p(M 0 |d obs ) and the consequent probability distribution of magnitude p(M w |d obs ) (Fig. 4 of the main text). We estimate the total magnitude of the slip distribution as well as on the magnitude of the deep patch only. part of the transient signal. Although our inversion results show that deep slip is more likely, we make a dislocation forward model to compare the surface deformation predicted by such a potential shallow slip event with the observed transient. We are thus able to estimate the magnitude of the shallow event required to explain the data and exclude any direct link between the swarm activity and the slow slip. We test a classical thrust event on the fault plane defined by [Hayes et al., 2012] , which is almost linear at this latitude of the Chilean interface, in an elastic half space [Okada, 1985] . An earthquake of at least Mw 6.7 is necessary to produce the right amplitude of horizontal motion directly in front of the epicenter ( Fig.refdisloc -A in the supplementary material). However, the predicted pattern further north and south of the epicenter does not correspond to the observed divergent motion. Furthermore, a shallow event on the interface, whether seismic or aseismic, produces subsidence at inland sites and not uplift, as observed in our GPS data ( Fig. S11-B) . Therefore, neither a shallow seismic source, for which we do not have any record, nor a shallow aseismic event can be the source of the observed deformation.
Based on these tests and the results of our Bayesian modeling we can conclude that deep slow slip on the subduction interface is the only possible mechanism to explain the GPS measurements.
Text S3. Processing of seismic data We mainly used GO03 station located in the city of Copiapó, which is the only seismological station in the vicinity of the detected slow slip event at the time of occurrence. To estimate the NVT activities, we computed the energy of the records between 3 and 5 Hz, which is a typical frequency band for (Fig.1b) .
The same scale is used to represent 5cm/yr (A) and 5cm of displacement (B). which is not the case of the cGPS solution. Nevertheless, it confirms that even though they are coming from different processes, the 2 solutions used in this study are reasonably consistent.
